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1. The ellipse E has equation

Find

(@) the coordinates of the foci of E,

(b) the equations of the directrices of E.
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Question 1 continued

(Total for Question 1 is 5 marks)
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2. (i) Use the substitution t:tang to prove the identity

sinX —cosX + 1 Nt
; =gsecx + tanx XZ— nNez
sin X + cosX — 1 2

(5)

(i) Use the substitution t = tang to determine the exact value of

;5
o 4+ 2co0sf

giving your answer in simplest form.
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Question 2 continued

<K
<X
5

RS
o
S
%3
(G
5

25

KL
PR
)
o
%
XX

%%
KK

<
QL

<
S

%

<

A
43

6
0208

X
e te N o te sl
%
AL}

0
e
.
&

4!
o
455

%

(£+ D+
(-)(1+E)

>
\

33
Yo%
X

%
%
R
A
o,

XX
}'

et
[ C
S
EES
QRLKS

<

XGRS
N
Wk

%f' %

)29

XAIAIK

t'9'+ 7_&:*‘
- t*

%% %
2% %%
= TN
S

K?

S R N O
| - k2 o

00
SRR
02050, <]
KLk
CISBLILERES
QRS

X

535
TN
2258

(0
SR
KL
X8
29
%%}

\

)

+ {:(lf\:il N

cosx )
/

0
35%
2&%&'0
S

: <
9%
#
<
ISEKLE
R ARA

<
S
"ﬁ%
0&4&?‘
%

Q0K
295%%
S

o%
KA
L
RRRRES
See%%
XORX

R
2]
2
K

S
R
RXX5

Setetetetels
14

Secx + tonx @

e
b

-
N
o

5
\

(i)

bt ?3
S
S
Boss o

ec® = |+ tan*d

L

IR LRRKLR,
SSELRRKESS

%
CRIIIEARIKIHRK

<
35?\.$'
o0 J
2

5%

CERREHAR

KL ’o

%
X

2R
UK

QLY

R

S
Ko

AR
SR ARKLK

o
"
N
=2
z
=y
n
>
(D
W
3 :4

0>
RS
0%l
%!
SR
s
RRRIELRLLRRIERS

(X
5K
XY
0SS
%
<
K

000
53R
BB
SRS
5K
KRR
85

%
<

06
KKK
XX

5

5555
55

25
K
poseds

5
L R
S
8920505

0%
RAKEKKL
bt

A
QUL LKLIES
S

XX
VT

pote
e
SRXLS N
SXRXILS IS SAN
e aessies

. 41+t*) +2(1-%)

%
doSete!
delelele!

s

o2}
o todeteds

KL
KKK

LKL
SRS
ZRLRRLRKLLS

LRKLHEK

OIS
oo

80908

S

!

050598

%
0%
o%
X2
0%
%
b

VD 0 OO A 0 0 L,
Turn over »
P 6 6 7 9 8 R A0 5 3 2 urnove























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PhysicsAndMathsTutor.com

Question 2 continued
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Question 2 continued

(Total for Question 2 is 10 marks)
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Figure 1
Figure 1 shows a sketch of the curve with equation y = f(x) where

f(X) = W

Use algebra to determine the values of x for which

2X-5> X
X -2

(8)

When 2 O, lxl=x < x-S > % O}
x -1

Cahcal valuelsS @ (1 -9)x-2) = O «— e know 42 o
we. don't weed. 1o

9Ix.* - 10 + 10 =0

X = =10xJ(-10)* - 1Lx(-10)*1\0
2 x2

x = 58 O

When <0 -|xl=3x <o lx-5> X O
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Question 3 continued
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 8 marks)
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Figure 2

A small aircraft is landing in a field.

In a model for the landing the aircraft travels in different straight lines before and after
it lands, as shown in Figure 2.

The vector v, is in the direction of travel of the aircraft as it approaches the field.
The vector v, is in the direction of travel of the aircraft after it lands.

With respect to a fixed origin, the field is modelled as the plane with equation
X—-2y+252=0

and

-1
(a) Write down a vector n that is a normal vector to the field.
(1)

13
(b) Show that nxv, =4[ 19 |, where 4 is a constant to be determined.

1
(2)

When the aircraft lands it remains in contact with the field and travels in the direction v
The vector v, is in the same plane as both v, and n as shown in Figure 2.

(c) Determine a vector which has the same direction as v,

(3)

(d) State a limitation of the model.
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 7 marks)
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5. The parabola C has equation

and the hyperbola H has equation

y’ = 32x

2 2
Y
9

w|><
foN

(@) Write down the equations of the asymptotes of H.

The line I, is normal to C and parallel to the asymptote of H with positive gradient.

The line I, is normal to C and parallel to the asymptote of H with negative gradient.

(b) Determine
(1) an equation for I,

(ii) an equation for I,

The lines |, and I, meet H at the points P and Q respectively.

(c) Find the area of the triangle OPQ, where O is the origin.

1)

(4)

(4)

asumptotes gse: X =+ 3
v’ a b

b=9 = =3

_:r_-_:_"_'lA = .
b 3

= s e 0O
2

(b) u> = 3% N\

° )

gradient of normal : Myx M, = -1

% differentiate C for %radieni—

[

©

l

3
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Question 5 continued

I
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Y .
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= 3o

Usna u”
J J

— us'mg —~ve. Smdien\'

(¢)

Where. ineS meet H :

x 3

74

2

equahon of H - 4(%1-431 = 36

O q.’)C-i—%I\ = 3b

b = 30

IO,

A
It

17

Turn over »

P 6 6 7 9 8 R A 01 7 3 2

PMT



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PhysicsAndMathsTutor.com

Question 5 continued
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Question 5 continued

(Total for Question 5 is 9 marks)
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6. (1 The Taylor series expansion of f(x)aboutx = a is given by

L] r
70 = 1)+ (x- @ + LoD+, K220

f(@@) +...

Given that
y=(1+Inx) x>0

2
(a) show that &% — _2Inx

dx? x2

3
(b) Hence find &Y
dx

(c) Determine the Taylor series expansion about x =1 of
(1 + Inx)*

in ascending powers of (x — 1), up to and including the term in (x — 1)

Give each coefficient in simplest form.

(d) Use this series expansion to evaluate

1 2
lim 2x —1—(1 +31nX)
X1 (x=1)

explaining your reasoning clearly.

[
[
[
[

(4)

(2)

(3)

3)

(o) y= (| + na)*

B gx ()% (1+lnxe) O
= 3

dd = Z (1+lnx) O
X X

Using product e :

A

U= L V= (1+ lnx)
s ot
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Question 6 continued
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(Total for Question 6 is 12 marks)
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7. With respect to a fixed origin O, the line | has equation

(r = (12i + 16 — 8K)) x (9i + 6j + 2k) = 0

posikon vector off any 3
pointon the line

Po; nt 011: e line

o vecl-";r porallel to the line

The point A lies on | such that the direction cosines of OA with respect to the i, j and k axes

3
are ;,ﬁand 7.

Determine the coordinates of the point A.

(7)

C =

o+ Ad:

O—é 1S awven bu
[¥) J

o
o
I

(120 + |b\'}—823 + /\(qt-\—b\i’+9_h)

-—;
OA

(L+ADL + (b+bX)) + (-3+20k O

CoOSK =

fat

where. G = xi+ Sdi + zle

= 12 + 94

0]

3
3

JUL+aAND* + b+ bM)* + (-8 +2A)*

3 /lut + 2bh + SIAE+ 156+ 1GLA + 8bA  « bl - 324 r4A = F(12+9))

2 (bl + 3FbA + 121A%)

= (R + b3 1) O

4136 + 2334 A + 10894°

= 30Sb + 105844 + 3Ab94A°

21880A% + F100A + 1330

O A

| <1400

1A+ QA + 1

00"

subshhuting A =

(A + 1) (A+2)

-2 qgwes
— > \J U

= 0

0A = -bu + &) =12k

COS K = -6 = - 5 which

A o= -

-1 0O

Jag Ea

|
9
.

1+ 9-9) 0 [

S

2

doesn't makch e %iven value.

b+bl-x)| = |1

@)
D
1

—
15

Aa-(2 13.-9)0

-3+ 2(-%) -

3
q
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 7 marks)
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SR
RS
KL

A community is concerned about the rising level of pollutant in its local pond and §§§§§§§§§§
applies a chemical treatment to stop the increase of pollutant. g
prosstetess

: - : <X

The concentration, x parts per million (ppm), of the pollutant in the pond water t days gggg;gg
after the chemical treatment was applied, is modelled by the differential equation S

W
5

(4
ST
R

dx 3+ coshz B lxtanht ) 5

= o
dt  3x*cosht 3 P 3

a4
X
o%

When the chemical treatment was applied the concentration of pollutant was 3 ppm. e 8

(a) Use the iteration formula

QG

<
R
S
<5 :%%,
K

<2

&
o

(d_y) ~ (yn+1 _yn)
dx ), h

once to estimate the concentration of the pollutant in the pond water 6 hours after
the chemical treatment was applied.

(4)
(b) Show that the transformation u = x> transforms the differential equation (l) into the
differential equation
d—u+utanht=1+ (I1)
dr cosh?
®3)
(c) Determine the general solution of equation (1)
(4)
(d) Hence find an equation for the concentration of pollutant in the pond water t days
after the chemical treatment was applied.
®3)
(e) Find the percentage error of the estimate found in part (a) compared to the value
predicted by the model, stating if it is an overestimate or an underestimate.
3)
b
bhows = — (0-15) doys 0 h=01925 O
T
Whea £t=0_ x =3
de = 3+coshO - 1 (3)tanhO
ak 3x2%cosO 3
°ce© B
cosh0 = &*¢ = |
ar 2x0
1+ tanhQ = ¢ -1 =0 |
1x0 SRS
eL + | LR

P 6 6 7 9 8 R A0 2 8 3 2
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Question 8 continued

[dx )

ns

Xn+ - Xn =S

\at /o

[
h \dt /o

0-25x & + 3

i
o0
r~3
©

21+

S APt b howss,  concentohon of the pollutant is

o.pprox'\mo&ekd 3-04 ppm (3.3 {ﬂ 0)

o)
U
g

= 3+cosht _ | xiot

3x*cosnt 3

- d x Ox 5 Qs

=
s
I

oV &

Pas ab

04

20t x d+cot | 1 xtonk | ©

3x*cosht 3

= % + coshk — 3x’ xtanht

cosht 3

- 3 + osht - oc3tanht

coswt coswt J

3
u=2xX

\f—/

= 3 kot O

+ | -

cosht

2 +1 O

+ whannt

F|E & BE &E &E RE RE

cosht

29
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Question 8 continued
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cosht M-+ ot cosht = coshk 3
dk \ coswt

cosht M- & usinht
ak

cosht + 2

Norice thak & (cosht) = usinht , S0 the sinht term
ok

can be. ‘absorbed.’ into Hhe differenhial term .

d ycosht = cosht + 2
ok

e ~ 1%

& ycosht db cosht +3 dt \ O
ok ) [cosht =ioht |
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 17 marks)

TOTAL FOR PAPER IS 75 MARKS
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